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ABSTRACT  
Objectives: The following questions were addressed; to what extent is sugar consumption, tooth brushing, and 
oral health related attitudes and knowledge subject to change following a combined atraumatic restorative 
treatment (ART) /oral health education (OHE) program? Are changes in intended sugar avoidance associated 
with changes in cognitions as specified by the Theory of Planned Behaviour (TPB)? Are changes in oral health 
related knowledge associated with changes in attitudes and oral health behaviour? 
Method: A total of 1306 (follow-up prevalence 73.8%) primary school students in Kilwa, Tanzania completed 
interviews before and after a combined ART/OHE program. Post intervention at 6 months follow-up assessed 
changes in oral health related knowledge, attitudes, and behaviours. Complete baseline and follow-up interviews 
were obtained from 221 and 1085 students who received ART/OHE and OHE only at schools, respectively. 
Results: Improvement was obtained with attitudes towards sugar avoidance, knowledge, and tooth brushing (ef-
fect sizes in the range 0.1-0.3). Within individual changes did not differ significantly between students receiving 
ART/ OHE and OHE only. Change scores of intended sugar avoidance associated in the expected direction with 
changes in sugar consumption. Attitudes and norms with respect to sugar avoidance deteriorated and improved 
among subjects who respectively decreased and increased intended sugar avoidance. Tooth brushing increased 
in students who improved oral knowledge. 
Conclusion: School based ART/OHE improved pupils’ tooth brushing, knowledge, and attitudes, but had no 
effect on sugar consumption. This study provided support for the validity of the TPB in predicting changes in 
intended sugar avoidance and reported sugar intake. 
 
 

BACKGROUND 
 
In Tanzania, dental diseases have remained at moderate 
levels, as approximately 30-40% of the population ir-
respective of age, is reportedly free from dental caries 
(1). However, children and adolescents with untreated 
dentinal lesions and pain have been cited as the main 
reason for seeking dental care (1-3). Poor oral hygiene 
is very common with a substantial proportion of youth 
having calculus and gingivitis (4-6). Traditionally, the 
exposure to dental health care services has been low 
with a dentist to population ratio of 1:347,273 (7,8). 
To compensate for the limited number of dental profes-
sionals and to make dental care available for the youth 
population, ART and oral health education, OHE, have 
been recommended. According to the World Health 
Organization (WHO), the ART is recognized to be 
appropriate for public oral health care services in 
developing countries (9,10). So far, this approach has 
been introduced in three regions of Tanzania (10). 
 Use of oral hygiene measures, fluorides, dental ser-
vices, and restricted sugar- and tobacco consumption 
contributes to the control of oral diseases, making 
prevention a priority means to cope with the oral 
health situation in non-occidental settings (11). Bad 

oral hygiene conditions and the anticipated increase in 
caries prevalence following economic progress and 
changed dietary habits should be challenged primarily 
through preventive efforts (11). Although OHE has 
been incorporated for years into the Tanzanian School 
Health Program, evidence suggests that pupils present 
with inappropriate knowledge and deficient tooth brus-
hing skills (12-14). Sugar consumption has remained 
at a moderate level, although commercialized sugar 
products gradually gain social importance (15). Tradi-
tionally, the Tanzanian oral health education program 
has been evaluated in terms of the existing levels and 
distribution of oral diseases, whereas information about 
the scope and extent of oral health related behaviours 
have been almost neglected (6,13). Despite conside-
rable work done for OHE in Tanzanian schools, few 
studies have been theory based and evaluated OHE in 
terms of oral health related knowledge, attitudes and 
behaviours. 
 
Theoretical framework  
Theory based interventions are based on the idea that it 
is possible to change cognitions and that those changes 
in turn will promote changes in prospective behaviours 
(16). One popular theoretical framework for the pre-
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diction and change of health behaviours is the Theory 
of Planned Behaviour (TPB) (17,18). The TPB includes 
perceived behavioural control together with attitude 
and subjective norm, as determinants of behavioural 
intention, considering intentions to be an additive func-
tion of attitude, subjective norm and perceived control. 
These constructs, in turn, influence subsequent behavi-
our through behavioural intentions (18). According to 
the TPB, changes in behaviour in response to informa-
tion encountered across time follow from changes in 
intentions, whereas changes in intentions follow from 
changes in attitudes, subjective norms and perceived 
control. The predictive utility of the TPB has been 
supported for a wide range of health- and oral health 
behaviours (19,20). Studies have shown that the TPB 
provides a useful description of modifiable cognitions 
related to sugar consumption of adolescents and young 
adults in East Africa (15,21). In those studies, attitu-
des, subjective norms and perceived control correlated 
with the intended and self-reported sugar consumption 
(15,21). Importantly, cognitive correlates specify targets 
for the promotion of dietary habits in non-occidental 
cultural contexts. Within the framework of the TPB, 
persuasive communication might be tailored to modify 
cognitions associated with particular behaviours. It is 
unclear, however, what magnitude of behaviour change 
could be expected following interventions that success-
fully change cognitive behavioural determinants (22). 
No previous study has investigated to what extent 
change in TPB specified cognitions is related to change 
in oral health related behaviours following OHE tar-
geting young people in developing countries. 
 
Purpose  
Using a 6 months prospective ART/OHE approach, 
this study assessed the validity of the TPB components 
in predicting changes in intended and self-reported 
oral health related behaviours focusing school going 
adolescents from a deprived district of Tanzania. The 
following questions were addressed: To what extent is 
the TPB constructs, sugar consumption, tooth brushing 
and oral health related knowledge subject to change 
following a combined ART/OHE program? Are ob-
served changes in intention to avoid sugared snacks 
associated with changes in attitudes, subjective norms 
and perceived control and with reported sugar con-
sumption as specified by the TPB? This study also 
explored whether changes in oral health related know-
ledge associated with changes in attitudes towards 
sugar avoidance, tooth brushing frequency, and reported 
sugar consumption. It was hypothesized that increased 
intention to avoid sugar products would associate with 
changes towards more positive attitudes, subjective 
norms and perceived control, and with reduced sugar 
consumption. Moreover, it was hypothesized that im-
proved oral health related knowledge would associate 
with more positive attitudes towards sugar avoidance, 
increased tooth brushing frequency, and decreased in-
take of sugared snacks. 

METHODS 
 
The present study was implemented in Lindi region in 
south-eastern Tanzania in 2008. Lindi is one of the 
most sparsely populated regions of the Tanzanian main 
land (23). This region is divided into six districts; of 
which Kilwa was purposively selected, since the 
fluoride concentration in the drinking water is low (0.2 
mg/L) and the district is particularly deprived regar-
ding oral health care services. This study utilized a 
multi-group before-after design to estimate changes in 
knowledge, attitudes and behaviours related to oral 
health following ART and OHE. Data was generated 
from interviews with pupils at baseline (pre-interven-
tion) and 6 months after the last scheduled intervention 
appointment (post-intervention) and from a full mouth 
clinical oral examination conducted at baseline. The 
study population comprised of pupils attending their 
6th primary public school year (N=8,609). A stratified 
one stage cluster sample design was utilized for the 
baseline survey. A detailed description of the calcula-
tion of sample size and the sampling procedure is 
provided elsewhere (24). One thousand seven hundred 
and eighty out of 2,465 eligible students, yielding a 
response rate of 72.2%, consented to participate in the 
study. Their mean age was 13.8 years. Absence from 
school at the time of data collection was the main 
reason for non-participation. Ethical clearance was 
granted by the National Institute for Medical Research 
in Tanzania, the Regional Committee for Medical Re-
search Ethics in Norway, and the Norwegian Data 
Inspectorate. Permission for students’ participation was 
sought from school authorities. Ministry of Education 
and Vocational Training through the District Council 
approved the conduct of the study. Written and verbal 
informed consent to participate in the study was also 
obtained from schoolchildren and their parents. 
 
Interview  
Identical interview schedules were administered at 
baseline and follow-up by trained research assistants 
and completed by the students in face to face inter-
views. Each interview was conducted in a private and 
quiet place outside the classroom. The interview sche-
dule was originally constructed in English, then trans-
lated into Kiswahili, and subsequently back-translated 
into English. It was pilot tested prior to its use in the 
field. Parents’ level of education was originally scored 
(1) no formal education, (2) attended, but not completed 
primary school, (3) completed primary school, (4) atten-
ded, but not completed secondary school, (5) completed 
secondary school, (6) college or university education. 
For the purpose of analysis the educational variables 
(mother’s and father’s education) were recoded into (0) 
low education (including original categories 1 and 2) 
and (1) high education (including original categories 3, 
4, 5 and 6). The cut-off point was justified by the dis-
tribution of the variables. Sugar consumption was con-
structed as a sum score of 5 questions in terms of 
“How frequently do you take biscuits, chocolates, ice 



ORAL HEALTH RELATED BEHAVIOURS OF ADOLESCENTS IN TANZANIA 23 

sticks, soda, sugared fruit juice and sugared coffee/ 
tea”? using a 5 point scale from (1) never to (5) more 
than once a day. The higher the score the more fre-
quent intake of sugared foods and drinks. Tooth brush-
ing frequency was measured on a 5-point scale ranging 
from (1) never to (5) more than once a day. Knowledge 
related to oral health was assessed as a sum score of 9 
statements in terms of; “are the following (bacteria, 
lack of hygiene, sugary food frequently, lots of sugary 
foods) causes of caries” and “can the following pre-
vent dental caries from occurring” (reduced intake of 
sugary foods, regular brushing, use of fluoride tooth-
paste, regularly daily tooth brushing, stop eating sugar-
ed foods) assessed on a scale (1) yes, (2) no, (3) I do 
not know. The higher the sum score the weaker the 
knowledge related to oral health. Intention to avoid 
sugared snacks and drinks was assessed using two 
items “I intend to avoid frequent intake of sugared 
snacks and drinks” and “It is likely that I will avoid 
frequent intake of sugared snacks and drinks” each 
measured on a scale in the range (1) strongly agree (5) 
strongly disagree. The higher the sum score the weaker 
the intention (Cronbach’s alpha 0.71). Attitudes towards 
avoiding sugared snacks and drinks were assessed 
using 4 items, e.g. “For me to avoid frequent intake of 
sugared snacks and drinks is useful” using a scale 
ranging from (1) strongly agree to (5) strongly disagree. 
The higher the sum score the weaker the attitudes 
towards sugar avoidance (Cronbach’s alpha 0.70). 
Subjective norms related to avoiding sugared snacks 
and drinks in the future was measured in terms of 
“People who are important to me want me to avoid 
sugared snacks and drinks using a scale (1) strongly 
agree to (5) strongly disagree. Perceived control rela-
ted to avoiding sugared snacks and drinks in the future 
was assessed by a sum score of three items; e.g. “If I 
want to I can easily avoid sugared snacks and drinks”, 
using a scale (1) strongly agree to (5) strongly dis-
agree. The higher the sum score the weaker the percei-
ved control regarding sugar avoidance (Cronbach’s 
alpha 0.60). The TPB constructs and questions regar-
ding oral health related behaviours utilized in this 
study have previously shown to be valid and reliable 
when used on several occasions among young people 
in East Africa (15,21). 
 
ART and OHE intervention  
Following a full mouth oral clinical examination com-
pleted by one trained and calibrated dentist (KM), teeth 
with caries, but with no history of pain or tenderness 
were treated according to the ART manual (25,26). 
Teeth with a grossly damaged crown and with pain 
and tenderness to percussion, teeth with obvious pulp 
involvement, and teeth judged to be un-restorable were 
extracted under local anaesthesia. For a detailed de-
scription of the clinical examination and the ART 
treatment procedure which was provided free of 
charge, see (24). 
 After completion of interviews and clinical exami-

nations in that order, the participants in each school 
were gathered in a classroom to receive OHE. The 
OHE component of the intervention was implemented 
with the aim to increase students’ knowledge of oral 
health problems, improve their attitudes towards sugar 
restriction, decrease the frequency of daily intake of 
sugared snacks and increase daily tooth brushing fre-
quency. A team of one dentist, one assistant dental of-
ficer, one dental therapist, and one teacher conducted 
the educational sessions, giving room for participants 
to ask questions for clarification. The sessions lasted 
approximately thirty to forty-five minutes. One teacher 
from each participating school was trained by dental 
staff to continue to provide OHE covering topics on 
causes, symptoms, and prevention of dental caries. 
Teacher provided OHE was continued on a weekly ba-
sis for a period of 6 months and delivered as an inter-
active talk between teachers and pupils around key 
oral health messages. The key oral hygiene messages 
included were brush with fluoride toothpaste and use a 
pea size amount of it, brush for three minutes at least 
twice a day, and replace toothbrush when bristles start 
to get out of shape. Each participant was given a tooth-
brush to be used at home. Information on the conse-
quences of frequent sugar consumption on caries deve-
lopment and progression was also provided. 
 
Statistical analysis  
Data were analysed using PASW statistics 18.0. De-
sign effect due to clustering and stratification was 
adjusted using Complex Samples. Internal consistency 
reliability was evaluated by Cronbach’s alpha. Change 
scores of the TPB components, sugar consumption, 
tooth brushing and knowledge were constructed by 
subtracting post- from pre-treatment scores. A positive 
change score indicated improvement whereas a nega-
tive score indicated deterioration with respect to the 
TPB constructs and oral health related knowledge. A 
negative change score indicated improvement and a 
positive change score indicated deterioration with 
respect to sugar consumption and tooth brushing fre-
quency, respectively. To quantify changes, effect size 
statistics were calculated by dividing the mean change 
scores by the SD of the corresponding pre-treatment 
score. Cohen (27) described effect size statistics of 
<0.2 to indicate a small, clinically meaningful magni-
tude of change, effect size statistics in the range 0.2-
0.7 to indicate moderate change, and effect size statis-
tics of >0.7 to indicate large change. Paired sample t-
tests and General Linear Models (GLM) for repeated 
measures was used to assess the within individual 
change of the TPB constructs, knowledge related to 
oral health, sugar consumption, and tooth brushing 
frequency in the total sample and according to groups 
receiving ART/OHE and OHE only. GLM for repeated 
measures was also used to test whether changes in 
attitudes, subjective norms, perceived behavioural 
control, sugar consumption, tooth brushing, and 
knowledge from baseline to follow up correlated with 
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Figure 1.  The 6 month treatment and oral health education intervention among Tanzanian 
primary school students, a flow chart of attendance (24). 

 
 
change scores of intention and oral health related 
knowledge. Bonferroni post hoc test was used to con-
trol for multiple comparisons. 
 
 
RESULTS 
 
As shown in Fig. 1, the interviews were completed by 
1,768 (72.2%) students at baseline, of who 1306 (fol-
low up rate 73.8%) completed an identical interview at 
6 months follow-up. A total of 335 (19.2% of 1,745 
clinically examined at baseline) students were identi-
fied with treatment need (i.e., DMFT>0), 8.4% of the 
students was in need of filling therapy, and 10.6% was 
in need of both fillings and tooth extraction. Two 
hundred and eighty one students received treatment. At 
6 months follow-up, 221 subjects who received treat-
ment responded to the follow-up interview. Totals of 
1,433 students without treatment need and 54 students 
who did not show up for treatment received OHE, 
only. Of those, 1,045 and 40 students were re-
interviewed at follow-up. 
 As shown in Table 1, differences occurred between 
students who did (n=1,306) and did not (n=462) res-
pond to the follow-up interview with respect to base-

line socio-demographic factors, i.e. age, sex and place 
of residence, and with respect to attitudes towards 
sugar avoidance and tooth brushing frequency. As 
shown in Table 2, the intervention groups (ART/OHE 
versus OHE only) were comparable at both times of 
measurements with respect to the socio-demographic 
factors measured at baseline. 
 As depicted in Table 3, the mean attitude score was 
statistically significantly reduced from 11.0 to 10.7 be-
tween baseline and follow-up. Statistically significant 
changes were also observed with respect to perceived 
control, knowledge and tooth brushing. In the study 
group as a whole, perceived control with respect to 
sugar avoidance decreased, whereas knowledge and 
tooth brushing increased during the intervention peri-
od. The effect sizes were small to medium and ranged 
from 0.1 to 0.3. 
 GLM repeated measures revealed no statistically 
significant two-way interactions with respect to the 
intervention groups and the TPB constructs, sugar con-
sumption, tooth brushing and oral health knowledge 
(Table 4). Attitudes towards sugar avoidance improved 
moderately but statistically significantly between base-
line and follow up in students receiving OHE only 
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Table 1.  Socio-demographics and TPB measures at baseline according to follow-up status. 
 
 Lost to follow-up 

(N = 462) 
Followed up 
(N = 1306) 

Baseline 
(N = 1768) 

Age: % (n)    
     10-14 years     58.8 (272)** 71.5 (934)  68.2 (1206) 
     15-19 years 41.2 (190) 28.5 (372) 31.8 (562) 
Sex: % (n)    
     Boys      55.8 (258)** 47.5 (621) 49.7 (879) 
     Girls  44.2 (204) 52.5 (685) 50.3 (889) 
Place of residence: % (n)    
     Urban  41.8 (194) 50.3 (657) 48.1 (850) 
     Rural      58.2 (268)** 49.7 (649) 51.9 (918) 
Mother’s education: % (n)    
     Low  90.5 (418)  90.0 (1175) 90.1 (1593) 
     High  9.5 (44) 10.0 (131) 9.9 (175) 
Father’s education: % (n)    
     Low  85.5 (395)  81.9 (1070)  82.9 (1465) 
     High  14.5 (67) 18.1 (236) 17.1 (303) 

 Mean (sd) Mean (sd) Mean (sd) 
Intention to avoid sugared snacks 
[theoretical range: high-low] 

4.6 (2.2) 4.4 (2.1) 4.5 (2.1) 

Attitudes to avoid sugared snacks 
[theoretical range: high-low] 

11.2 (2.3) 10.9 (2.5)* 11.0 (2.5) 

Subjective norms to avoid sugared snacks 
[theoretical range: high-low] 

2.3 (1.3) 2.3 (1.2) 2.3 (1.2) 

Perceived control to avoid sugared snacks 
[theoretical range: high-low] 

6.1 (2.4) 6.0 (2.3) 6.0 (2.3) 

Sugared food and drinks (low-high) 8.5 (4.5) 8.7 (4.7) 8.7 (4.6) 
Tooth brushing (low-high) 3.9 (1.0)    4.1 (1.2)** 4.0 (1.1) 
Knowledge [theoretical range: high-low]    

**p<0.001,*p<0.05 
 

 

Table 2.  Socio-demographics and TPB constructs stratified by treatment groups at baseline and follow-up. 
 
 Baseline (N = 1768) Follow up (N = 1306) 
 ART and OHE 

(n = 281) 
OHE only 
(n = 1487) 

ART and OHE 
(n = 221) 

OHE only 
(n = 1085) 

Age:     
     10-14 years 64.1 (180)   69.0 (1026)   68.3 (151) 72.2 (783) 
     15-19 years 35.9 (101) 31.0 (461) 31.7 (70) 27.8 (302) 
Sex:     
     Boys 45.6 (128) 50.5 (751) 43.9 (97) 48.3 (524) 
     Girls 54.4 (153) 49.5 (736)   56.1 (124) 51.7 (561) 
Place of residence:     
     Urban 43.1 (121) 49.0 (729) 45.7 (101) 51.2 (556) 
     Rural 56.9 (160) 51.1 (758) 54.3 (120) 48.5 (529) 
Mother’s education:     
     Low 90.7 (255)   90.0 (1338) 90.5 (200) 89.9 (975) 
     High 9.3 (26) 10.0 (149) 9.5 (21) 10.1 (110) 
Father’s education     
     Low   83.6 (235) 8276 (1230)   81.4 (180) 82.0 (890) 
     High 16.4 (46) 17.3 (257) 18.6 (41) 18.0 (195) 

 Mean (sd) Mean (sd) Mean (sd) Mean (sd) 
Intention to avoid sugared 4.4 (2.1) 4.5 (2.1)   4.1 (2.0)     4.4 (2.1)* 
Attitudes to avoid sugared   10.9 (2.6) 10.9 (2.5) 
Subjective norms  2.3 (1.2) 2.3 (1.3)   2.3 (1.2)   2.3 (1.2) 
Perceived control to avoid sugared 5.8 (2.3) 6.1 (2.3)   5.9 (2.2)   6.0 (2.3) 
Sugared foods and drinks 8.2 (4.7) 8.8 (4.6)   8.1 (4.6)     8.9 (4.7)* 
Toothbrushing 4.4 (1.5)    4.0 (1.0)** 3.05 (1.0)   3.0 (1.0) 
Knowledge caries 15.1 (3.7) 15.1 (4.0) 14.2 (4.0) 14.1 (3.9) 
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Table 3.  The TPB constructs, oral health related knowledge and behaviours at baseline and follow up time points. Mean 
(sd) total scores, change scores, and effect sizes. Paired t-test (n=1308). 
 
 Baseline Follow up Paired t-test Change score  
[theoretical range] Mean (sd) [range] Mean (sd) [range] P-value Mean (sd) Effect size 
Intention[high-low] 4.4 (2.1) [2-10] 4.5 (2.0) [2-10] 0.118 –0.12 0.1 
Attitudes [high-low] 11.0 (2.5) [4-20] 10.7 (2.5) [4-20] 0.020   0.2 0.1 
Subjective norms [high-low] 2.3 (1.2) [1-5] 2.4 (1.2) [1-5] 0.159 –0.1 0.1 
Perceived control [high-low] 6.0 (2.3) [3-15] 6.3 (2.4) [3-15] 0.042 –0.2 0.1 
Knowledge [high-low] 15.6 (3.9) [9-27] 14.2 (3.8) [9-28] 0.001   1.0 0.3 
Tooth brushing [low-high] 3.0 (1.0) [0-4] 3.2 (0.7) [0-4] 0.001 –0.2 0.3 
Sugared foods[low-high] 8.8 (4.4) [0-24] 8.9 (4.6) [0-24] 0.694   0.1 0.02 

 
 

Table 4.  Mean scores and 95% CI for TPB constructs and sugar behaviours at baseline and follow-
up by intervention group. GLM repeated measures. 
 
 ART and OHE (n= 221)a OHE only (n=1087)a Factor x group b 
 M (95% CI) M (95% CI) P value 
Attitude (baseline) 10.9 (10.6-11.3) 10.9 (10.7-11.0)  
Attitude (follow-up) 10.7 (10.4-11.1) 10.7 (10.5-10.8)  
Baseline/ follow-up  P=0.283 P=0.039 0.985 
Subjective norm (baseline)  2.3 (2.1-2.5) 2.3 (2.2-2.3)  
Subjective norm (follow-up)  2.4 (2.3-2.6) 2.3 (2.2-2.4)  
Baseline/ follow-up P =0.386 P= 0.152 0.482 
Perceived control (baseline) 5.9 (5.6-6.2) 6.0 (5.9-6.2)  
Perceived control (follow-up) 6.2 (5.9-6.6) 6.2 (6.0-6.3)  
Baseline/follow-up P=0.155 P=0.113 0.516 
Intention (baseline) 4.1 (3.8-4.4) 4.4 (4.3-4.6)  
Intention (follow-up) 4.4 (4.3 -4.7) 4.5 (4.4-4.6)  
Baseline/ follow-up P=0.090 P=0.337 0.261 
Sugared foods (baseline) 8.6 (8.0-9.3) 9.0 (8.6-9.2)  
Sugared foods (follow-up) 8.9 (8.3-9.5) 8.8 (8.5-9.1)  
Baseline/ follow-up P=0.521 P=0.461 0.364 
Tooth brushing (baseline) 3.1 (2.9-3.1) 3.0 (2.9-3.1)  
Tooth brushing (follow-up) 3.2 (3.1-3.2) 3.2 (3.2-3.2)  
Baseline/ follow-up P=0.092 P= 0.001 0.164 
Knowledge (baseline) 15.1 (14.9-15.4) 15.1 (14.5-15.6)  
Knowledge (follow-up) 14.2 (14.0-14.4) 14.1 (13.7-14.6)  
Baseline/ follow-up P=0.001 P=0.005 0.850 
a paired t-test 
b GLM repeated measures controlled for age and gender 

 
 
 
(mean scores 10.9 versus 10.7, p<0.05). No changes in 
the mean scores of intention, subjective norm, percei-
ved behavioural control, and sugar consumption were 
observed in either group. Tooth brushing improvement 
was statistically significantly (3.0 versus 3.2, p<0.001) 
among students receiving OHE only. Oral health 
related knowledge improved among students receiving 
ART/OHE (15.1 versus 14.2, p<0.001) and among 
those having OHE only (15.1 versus 14.1, p<0.001). 
As there were no statistically significant differences in 
change scores between the two intervention groups, all 
measures from the two groups were pooled and ana-
lysed further according to change scores of intended 
sugar avoidance and oral knowledge. GLM repeated 
measures revealed statistically significant two-way 

interactions between change groups of intention on the 
one hand side and attitudes, subjective norms, percei-
ved behavioural control, and sugar consumption on the 
other hand side (Table 5). Following the TPB, changes 
in attitudes, subjective norms and perceived control 
with respect to sugar avoidance discriminated between 
those who improved, were stable and deteriorated in-
tended sugar avoidance (Table 5). Attitudes, subjective 
norms and perceived control deteriorated and im-
proved in subjects who respectively, deteriorated and 
improved their intention to avoid sugared snacks. 
Moreover, sugar consumption decreased statistically 
significantly in subjects who improved their intended 
sugar avoidance between baseline and follow up. As 
shown in Table 5, GLM repeated measures revealed 
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Table 5.  Mean scores and 95% CI for attitudes, subjective norms, perceived control and sugar behaviour by change in inten-
ded sugar avoidance (INT). GLM repeated measures. 
 
 Deteriorated INT score 

(n= 553)a 
Stable INT score 

(n=278)a 
Improved INT score 

(n=477)a 
 

Factor x group b 
 M (95% CI) M (95% CI) M (95% CI) P value 
Attitude (Baseline) 10.6 (10.4-10.8) 10.6 (10.3-10.9) 11.4 (11.2-11.6)  
Attitude (Follow-up) 11.3 (11.1-11.6) 10.2 (9.9-10.5) 10.2 (10.0-10.4)  
Baseline/ follow-up  P=0.001 P=0.029 P=0.001 0.001 
Subjective norm (baseline)  2.0 (1.9-2.1) 2.2 (2.0-2.3) 2.7 (2.6-2.8)  
Subjective norm (follow-up)  2.7 (2.6-2.8) 2.2 (2.1-2.4) 2.0 (1.9-2.1)  
Baseline/ follow-up  P=0.001 P=0.596 P=0.001 0.001 
Perceived control (baseline)  5.5 (5.3-5.7) 5.8 (5.6-6.1) 6.8 (6.6-7.0)  
Perceived control (follow-up) 6.8 (6.6-7.1) 5.9 (5.6-6.1) 5.6 (5.4-5.9)  
Baseline/ follow-up P=0.001 P=0.786 P=0.001 0.001 
Sugar (baseline) 8.8 (8.4-9.2) 8.9 (8.3-9.4) 8.9 (8.5-9.4)  
Sugar (follow-up) 9.1 (8.7-9.5) 9.1 (8.6-9.6) 8.3 (7.9-8.7) 0.01 
Baseline/ follow-up P=0.171 P=0.669 P=0.009  
 Deteriorated knowledge 

score (n=485) 
Neutral knowledge 

score (n= 120) 
Improved knowledge 

score (n= 703) 
 

Attitude (baseline) 10.6 (10.4-10.9) 10.7 (10.3-11.2) 11.2 (10.9-11.3)  
Attitude (follow-up) 10.9 (10.3-11.2) 10.6 (10.1-11.0) 10.6 (10.4-10.8)  
Baseline/ follow-up  P=0.071 P=0.567 P=0.001 0.001 
Tooth brushing (baseline) 3.0 (2.9-3.1) 3.0 (2.8-3.1) 3.2 (3.2-3.3)  
Tooth brushing (follow-up) 3.1 (3.1-3.2) 3.3 (3.1-3.2) 2.9 (2.9-3.0)  
Baseline/ follow-up P=0.008 P=0.001 P=0.001 0.054 
Sugar (baseline) 8.8 (8.1-9.5) 8.9 (8.1-9.7) 8.4 (8.0-8.9)  
Sugar (follow-up) 8.6 (7.9-9.2) 8.5 (7.6-9.2) 8.8 (8.4-9.3)  
Baseline/ follow-up P=0.907 P=0.671 P=0.384 0.633 
a Paired t-test 
b GLM repeated measure controlled for age and gender 

 
 
statistically significant two-way interactions between 
knowledge change groups on the one hand side and 
attitudes towards sugar avoidance. Attitudes towards 
sugar avoidance and students’ tooth brushing increased 
in students who improved their oral knowledge and 
deteriorated in students who deteriorated their know-
ledge. Changes in sugar consumption were not related 
to changes in oral health related knowledge. 
 
 
DISCUSSION 
 
This study has shown that a combined intervention of 
ART and OHE implemented by oral health care staff 
and teachers in primary school, improved students’ 
oral health related knowledge, attitudes towards sugar 
avoidance, and tooth brushing frequency, but had no 
effect on their motivation to avoid sugared snacks and 
their self-reported level of sugar consumption. Fol-
lowing the intervention, changes in TPB specific 
cognitions were related to changes in intended sugar 
avoidance and to changes in self-reported sugar intake 
as predicted by the TPB. Thus, interactive communi-
cation with students targeting cognitions by verbal 
instructions and being supported by reminders from 
teacher fostered behavioural change, in accordance 
with socio-cognitive models, such as the TPB (18). 
However, as shown in Table 3, the effect sizes amoun-

ted at best to 0.3 (tooth brushing), thus reflecting small 
changes according to the benchmarks defined by 
Cohen (27). The weak effect observed might be 
explained, partly, by the short-time intervention of 6 
months and partly by the fact that the Tanzanian pri-
mary school system suffers from extreme underfund-
ing and bureaucratic inefficiency. Thus, the primary 
schools in rural areas face challenges that might under-
mine oral health interventions. Already at baseline, 
students reported low level of sugar consumption, per-
formed tooth brushing with moderate frequency and 
reported strong intentions to avoid sugared snacks. The 
possibility that the change scores presented are con-
founded by regression to the mean effect, whereby 
those with more extreme scores at baseline tend to 
have less extreme scores at follow up, regardless of 
any real change in the characteristic being measured, 
cannot be overlooked. Moreover, simply growing up 
and becoming more mature might have contributed to 
some of the changes observed. Important learning might 
occur from administration of questionnaires alone 
prompting subjects to seek information about oral 
health. Kowash (28) showed a good cost-benefit ratio 
for OHE programs when compared to several other 
preventive approaches. In Tanzania, the relatively late 
age of school leavers and the low proportion of stu-
dents who continue to secondary schools suggest that 
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primary schools are currently the best institution to 
implement OHE at a relatively low cost and on a large 
scale. The self-report behavioural measures utilized in 
this study have been shown to correlate with oral 
hygiene measures and the frequency questionnaire on 
sugar consumption have been found to be acceptable 
to classify school children into broad categories of low 
and high sugar consumption (29). 
 A limitation of this study is not to have randomized 
subjects into intervention and control groups. Inclusion 
of a control group would have allowed for a valid 
comparison of changes in scores between groups (30). 
With some exceptions, few studies have employed a 
randomized controlled trial (RCT) design, making the 
evidence underpinning OHE programs relatively weak 
(31-32). Because the present study was designed to 
satisfy ethical requirements of the health authority and 
since available resources were limited, a true control 
group (i.e. delayed intervention group) could not be 
included. Nevertheless, the multiple groups before and 
after design enabled a simple assessment with respect 
to gain in knowledge and improvement in attitudes and 
behaviours following the minimal ART/OHE interven-
tion. The study group examined at baseline was recog-
nized to be fairly representative of the school-going 
adolescent population in the district of Kilwa. Despite 
a follow up rate of 73%, non-response analyses showed 
differences in socio-demographic characteristics as 
well as in tooth brushing and attitudes, suggesting that 
follow-ups and non-responders had different back-
ground and were differently exposed to oral health 
information. On the other hand, the distribution of 
intervention groups remained stable throughout the 
follow-up period, indicating limited bias due to diffe-
rential non-response. 
 Whereas improvement in tooth brushing and oral 
health knowledge was equally pronounced across 
intervention groups, students in the group without 
treatment need (OHE only) experienced the largest 
improvement in attitudes towards sugar avoidance. In 
accordance with the present results, interventions 
comprising elements of school based OHE have been 
found to be effective across behavioural domains (33). 
Strong reviews have shown that theory based edu-
cational programs produce better effects than non- 
theoretical programs. Psychological models of behavi-
oural change such as the TPB, has been effective in 
improving adherence to oral hygiene instructions (34). 
Consistent with the present results, improvements with 
respect to oral cleanliness, gingival health, and oral 
health knowledge following school based OHE have 

been reported in both developing and developed coun-
tries (32,35-36). Whether the improved oral health 
related knowledge, attitudes and behaviours observed 
in this study will improve students’ oral health status 
remains questionable. Thus, reservation has been 
raised as to the effectiveness of OHE in caries preven-
tion. Several studies have found clinical prevention 
and OHE approaches alone to be unsuccessful in 
achieving sustainable improvements (37). 
 In accordance with the propositions of the TPB (19), 
students who declined and increased intended sugar 
avoidance, respectively declined and increased their 
corresponding cognitions related to sugar avoidance. 
Moreover, students who decreased and increased their 
intended sugar avoidance, respectively, increased and 
decreased their actual sugar consumption. This adds 
support to the TPB as a model of changing behaviour 
(38). Whether guidelines derived from the TPB lead to 
behavioural change in the desired direction should be 
evaluated in future studies using RCT design. 
 In summary, it seems that primary school students 
in a deprived rural area of Tanzania improved their 
oral health knowledge, attitudes towards sugar avoid-
ance and tooth brushing frequency when exposed to 
school-based OHE and ART. The observed increase in 
tooth brushing frequency points to the importance of 
availability of oral remedies as a key factor in behavi-
oural change. Similar improvement in sugar consump-
tion was not observed. Probably, the short lasting 
intervention program was not sufficient to obtain 
restricted sugar consumption, suggesting that behavi-
oural change is a long term process that unfolds over 
time. Support to the TPB as a model of changing beha-
viour was provided by confirming the hypotheses; that 
increased intention to avoid sugar products following 
intervention associated with changes towards more po-
sitive attitudes and reduced sugar consumption and 
that increased oral health related knowledge associated 
with more positive attitudes towards sugar avoidance. 
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